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,QWURGXFWLRQDQG2EMHFWLYHV
,Q -DQXDU\  WKH QHZ KDUPRQL]HG SUREDELOLVWLF UXOHV IRU VKLS VXEGLYLVLRQ EHFDPH PDQGDWRU\
LQLWLDWLQJ D QHZ HUD LQ UXOHPDNLQJ LQ WKH PDULWLPH LQGXVWU\ LQ OLQH ZLWK FRQWHPSRUDU\ GHYHORSPHQWV
XQGHUVWDQGLQJ DQG H[SHFWDWLRQV 7KLV ZDV WKH FXOPLQDWLRQ RI PRUH WKDQ  \HDUV RI ZRUN RQH RI WKH
ORQJHVWJHVWDWLRQSHULRGVRIDQ\VDIHW\ UHJXODWLRQV&RQVLGHULQJ WKDW WKLV LV LQGHHGD VWHSFKDQJH LQ WKH
ZD\VDIHW\LVEHLQJDGGUHVVHGDQGUHJXODWHG³WDNLQJRXUWLPH´LVZHOOMXVWLILHG3DSDQLNRODRX
2QHRIWKHJUHDWDFKLHYHPHQWVRIWKLVHIIRUWZDVWKRXJKWWREHWKHKDUPRQL]DWLRQRIVWDQGDUGVIRUGU\
FDUJRDQGSDVVHQJHUYHVVHOVLQDSUREDELOLVWLFIUDPHZRUNZKLFKDOORZVIRUDUDWLRQDODVVHVVPHQWRIVDIHW\
DQGGHVLJQLQQRYDWLRQ,QWKLVUHJDUGWKH(8IXQGHG5	'SURMHFW+$5'(5FUHDWHGKLVWRU\
DW,02E\EHLQJWKHILUVWH[WHUQDOO\IXQGHGUHVHDUFKSURMHFWWRVXSSRUWVSHFLILFDOO\WKH,02UXOHPDNLQJ
SURFHVVDQGWRFRQWULEXWHPDVVLYHO\WRWKHVXFFHVVIXOGHYHORSPHQWRIWKHQHZUXOHV
+RZHYHUZLWK D QXPEHU RI VKLS RZQHUV RSWLQJ WR IROORZ WKHVH QHZ UXOHV LQ DGYDQFH D QXPEHU RI
LVVXHV KDYH VXUIDFHG 7KHVH UHTXLUH XUJHQW FRQVLGHUDWLRQ DV WKH\ DIIHFW WKH PRVW VDIHW\FULWLFDO VKLSV
QDPHO\ ODUJHSDVVHQJHU VKLSVZKLFK DUH FXUUHQWO\RQHRI WKH IDVWHVW JURZLQJ VKLS VHFWRUV DQGZKDW LV
PRUHLPSRUWDQWFRQVWLWXWHWKHFRUHVWUHQJWKRIWKH(XURSHDQVKLSEXLOGLQJLQGXVWU\$OVRJUHDWFRQFHUQV
ZHUHH[SUHVVHGE\(8PHPEHUVWDWHVDQGWKH(XURSHDQ0DULWLPH6DIHW\$JHQF\(06$UHJDUGLQJWKH
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
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 LQ IDFW WKHUH ZDV VWURQJ HYLGHQFH WKDW 62/$6  GRHV QRW VDWLVIDFWRULO\ FRYHU
ZDWHURQGHFNHIIHFWVRQ523$;VXUYLYDELOLW\HJ+69$7KHVHFRQFHUQVIRUPWKHNHUQHORIWKH
UDWLRQDOHIRUWKHUHVHDUFKUHSRUWHGLQWKLVSDSHU)XUWKHUPRUHRQHRIWKHWRSDJHQGDLWHPVDW,02QDPHO\
*RDO%DVHG6WDQGDUGV LV WDUJHWLQJ LQ WKH ORQJHU WHUPDOOVKLS W\SHVZLWKSDVVHQJHUVKLSVEHLQJDPDLQ
WDUJHW 7KH LPSOLFDWLRQ RI WKLV LV DJDLQ WKH QHHG WR VRUW RXW WKH GDPDJH VWDELOLW\ VWDQGDUG IRU ODUJH
SDVVHQJHUVKLSV
7KLV ODWWHU SRLQW SURYLGHG WKH LQVSLUDWLRQ IRU WKH WLWOH RI WKHSUHVHQW UHVHDUFKSURMHFW QDPHO\ ³*RDO
%DVHG'DPDJH6WDELOLW\´±*2$/'6LWDLPVWRFRQWULEXWHWR,02UHJXODWRU\ZRUNLQDVLPLODUIDVKLRQ
WR+$5'(5VXSSRUWHGE\DFRQVRUWLXPRISDUWQHUVWKDWHVVHQWLDOO\FRQVWLWXWHWKHVDPHFRUHSDUWQHUVKLS
7KHSURMHFW DGGUHVVHV WKH DERYHRXWOLQHG FKDOOHQJHVE\ XQGHUWDNLQJ UHVHDUFK WR LPSURYH WKH FXUUHQW
VXUYLYDELOLW\IRUPXODWLRQWRLQWHJUDWHFROOLVLRQDQGJURXQGLQJGDPDJHHYHQWVWRSURFHHGWRDULVNEDVHG
GHULYDWLRQRIDQHZVXEGLYLVLRQUHTXLUHPHQWDQGWRFRQGXFWDVHULHVRIFRQFHSWGHVLJQVWXGLHVWRHQVXUH
WKHSUDFWLFDELOLW\RIWKHQHZIRUPXODWLRQ8SRQFRPSOHWLRQ*2$/'6ZLOOVXEPLWNH\UHVXOWVWR,02IRU
FRQVLGHUDWLRQLQWKHUXOHPDNLQJSURFHVV
7KHNH\REMHFWLYHVRIWKHSURMHFWDUHWR
x 'HYHORSDQHQKDQFHGIRUPXODWLRQIRUWKHVXUYLYDOIDFWRUµV¶DFFRXQWLQJIRUNH\GHVLJQSDUDPHWHUVRI
SDVVHQJHUVKLSVDQGIRUWKHWLPHHYROXWLRQRIIORRGLQJVFHQDULRV±WKHIRUPXODWLRQRIWKHQHZVXUYLYDO
IDFWRUZLOOKDYHWRFDWHUIRUWKHGHVLJQGLIIHUHQFHVEHWZHHQFUXLVHDQG523$;VKLSV
x 'HYHORSDQHZVXUYLYDELOLW\IRUPXODWLRQIRUIORRGLQJIROORZLQJJURXQGLQJDFFLGHQWV
x ,QWHJUDWHFROOLVLRQDQGJURXQGLQJVXUYLYDELOLW\IRUPXODWLRQVLQWRDVLQJOHIUDPHZRUN
x 9DOLGDWHWKHQHZIRUPXODWLRQVE\H[SHULPHQWDODQGQXPHULFDODQDO\VHV
x 'HYHORSDQHZGDPDJHVXUYLYDELOLW\UHTXLUHPHQWLQDULVNEDVHGFRQWH[W
x (YDOXDWHWKHSUDFWLFDELOLW\RIWKHQHZIRUPXODWLRQVE\DVHULHVRIVKLSFRQFHSWGHVLJQVWXGLHV
x 6XEPLWUHVXOWVIRUFRQVLGHUDWLRQE\,02XSRQFRPSOHWLRQ
7KH SURMHFW FRQVRUWLXP FRQVLVWV RI HLJKWHHQ  (XURSHDQ RUJDQL]DWLRQV UHSUHVHQWLQJ DOO PDMRU

 1DWLRQDO 7HFKQLFDO 8QLYHUVLW\ RI $WKHQV6KLS 'HVLJQ /DERUDWRU\ FRRUGLQDWRU 8QLYHUVLW\ RI 6WUDWKFO\GH  6KLS 6WDELOLW\
5HVHDUFK&HQWUH*HUPDQLVFKHU/OR\G'HW1RUVNH9HULWDV6DIHW\ DW6HD/OR\GV5HJLVWHU+DPEXUJ6KLS0RGHO%DVLQ9LHQQD
0RGHO %DVLQ 'DQLVK0DULWLPH $XWKRULW\ 0DULWLPH DQG &RDVWJXDUG $JHQF\ 8QLYHUVLW\ RI 7ULHVWH 67; (XURSH)UDQFH 67;
(XURSH)LQODQG),1&$17,(5,0(<(5:HUIW&RORU/LQH&DUQLYDO3/&5R\DO&UXLVHV/LQHVKWWS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VWDNHKROGHUVRIWKH(XURSHDQPDULWLPHLQGXVWU\\DUGVFODVVVRFLHWLHVRSHUDWRUVDQGIODJVWDWHVUHVHDUFK
LQVWLWXWHVDQGXQLYHUVLWLHV$OVRDQDGYLVRU\FRPPLWWHHKDVEHHQIRUPHGFRPSRVHGRIUHSUHVHQWDWLYHVRI
PDMRUSXEOLF UHJXODWRU\ DXWKRULWLHV DQG&(6$ WR WKH H[WHQW WKH\ DUHQRW DOUHDG\ DFWLYHSDUWQHUV LQ WKH
SURMHFW7KH$GYLVRU\&RPPLWWHHLVPHDQWWREHDVRXQGLQJERG\IRUWKHFRQVRUWLXPDVZHOODVDSODWIRUP
IRUHDUO\GLVFXVVLRQRISURMHFWUHVXOWVUHODWHGWRWKHSUHSDUDWLRQDQGFRQVROLGDWLRQRIUHJXODWRU\SURSRVDOV
WR,020RUHGHWDLOHGREMHFWLYHVDQGZRUNSODQRIWKHSURMHFWPD\EHIRXQGLQWKHSXEOLFGRPDLQDUHD
RIWKHSURMHFW¶VZHEVLWHKWWSZZZJRDOGVRUJ
2YHUYLHZRI(DUO\,QWHUPHGLDWH5HVXOWV
'DPDJHVWDWLVWLFVIRUFROOLVLRQDQGJURXQGLQJ
6RPHHDUO\ZRUNRIWKHSURMHFWKDVIRFXVHGRQDQXSGDWHRIWKHFROOLVLRQGDPDJHVWDWLVWLFVFRPSLOHGLQ
WKH+$5'(5SURMHFW7KHVH VWDWLVWLFDO GDWDZHUH DOVR VXEVHTXHQWO\ XSGDWHG E\ D QXPEHU RI IODJ VWDWH
GHOHJDWLRQV DV SDUW RI WKH UXOHPDNLQJ SURFHVV DW ,02 7KH DLP RI*2$/'6 LV KHUHLQ WR FROOHFW DQG
DQDO\VH ODWHVWGDPDJHGDWDDYDLODEOH WR WKHSURMHFWDQG WRSURYLGHVXLWDEOHSUREDELOLW\GLVWULEXWLRQVIRU
FROOLVLRQGDPDJHFKDUDFWHULVWLFVSHUWLQHQWWRSDVVHQJHUVKLSV7RWKLVHQGWKH*2$/'6GDWDEDVHEXLOGVRQ
WKH H[LVWLQJ+$5'(5GDWDEDVHZLWK DGGLWLRQDO GDWD FRPLQJ IURPDOO VWDNHKROGHUV SDUWLFLSDWLQJ LQ WKH
SURMHFWDVZHOODVIURPRWKHUSXEOLFO\DYDLODEOHDFFLGHQWGDWDEDVHV
:KHUHDVWKHHDUOLHUGDPDJHVWDWLVWLFVZHUHOLPLWHGWRFROOLVLRQGDPDJHVRQO\LQWKHSUHVHQWSURMHFWZH
FRQVLGHUDOVRJURXQGLQJGDPDJHV7KLVZRUNZDVDFWXDOO\ LQLWLDWHGEXWZDVQHYHUFRPSOHWHGZLWKLQ WKH
SURMHFW+$5'(5,QWKLVUHVSHFWHPSKDVLVZLOOQRZEHSODFHGRQWKHJURXQGLQJGDPDJHFKDUDFWHULVWLFV
RISDVVHQJHUVKLSVQRWLQJWKDWJURXQGLQJLVDYHU\VHULRXVKD]DUGIRUSDVVHQJHUVKLSV¶VXUYLYDELOLW\
7KH+$5'(5GDWDEDVHLQFOXGHVFDVXDOWLHVIURPXSWRWKH\HDU7RLGHQWLI\WKHFDVXDOWLHV
LQ WKH ODVW  \HDUV WKH /OR\G¶V 5HJLVWHU )DLUSOD\ GDWDEDVH /5) KDV EHHQ XVHG ZKHUHDV WKH
FKDUDFWHULVWLFV RI WKHVHGDPDJHVZHUHGHGXFHGPDLQO\ IURPFODVV VRFLHWLHV¶ UHFRUGV$ WRWDO QXPEHURI
 FDVXDOWLHV FRXOG EH UHFRUGHG LQ WKH XSGDWHG GDWDEDVH  *2$/'6  +$5'(5 ,W ZDV
GLIIHUHQWLDWHGEHWZHHQFROOLVLRQJURXQGLQJDQGFRQWDFWGDPDJHVDVVKRZQLQ7DEOH
7KHGLVWULEXWLRQRI WKH VKLS W\SHVFDSWXUHG LQ WKH*2$/'6GDWDEDVHFDQEH VHHQ LQ)LJDVDSLH
FKDUW7KHOLPLWHGQXPEHURIDYDLODEOHGDPDJHGDWDIRUSDVVHQJHUVKLSVKDVOHGWRWKHFRQFOXVLRQWKDWDOO
GDPDJHGDWD UHJDUGOHVVRIVKLS W\SHDQG WLPHSHULRGVKRXOGEHFRQVLGHUHG7KLVZDVGRQH OLNHZLVH LQ
SUHYLRXV UHOHYDQW DQDO\VHV HJ +$5'(5 SURMHFW 6RPH SUHOLPLQDU\ UHVXOWV RI WKH GDWD DQDO\VLV DUH
VKRZQLQ)LJVDQG
&ROOLVLRQ
$QRQGLPHQVLRQDOGDPDJHSRVLWLRQLQORQJLWXGLQDOGLUHFWLRQI[ 3')1[ 1XPEHURIFDVXDOWLHV
$QRQGLPHQVLRQDOGDPDJHOHQJWKI[ 3'))[ &')
*URXQGLQJ
$QRQGLPHQVLRQDOGDPDJHSRVLWLRQLQORQJLWXGLQDOGLUHFWLRQI[ 3')1[ 1XPEHURIFDVXDOWLHV
$QRQGLPHQVLRQDOGDPDJHOHQJWKI[ 3'))[ &')

7KHDQDO\VLVRIWKHXSGDWHGFROOLVLRQGDPDJHGDWDRIWKH*2$/'6GDWDEDVHGLGQRWOHDGWRVLJQLILFDQW
FKDQJHVLQWKHUHVXOWLQJSUREDELOLWLFGLVWULEXWLRQVIRUWKHFROOLVLRQGDPDJHVDVODLGGRZQLQ62/$6


$VVRFLDWLRQ RI(XURSHDQ 6KLSEXLOGHUV&(6$ IODJ VWDWHV0DULWLPH$GPLQLVWUDWLRQV RI1RUZD\ 6ZHGHQ1HWKHUODQGV )LQODQG
*HUPDQ\DQG86$QRWLQJWKDWWKH0DULWLPH$GPLQLVWUDWLRQVRI'HQPDUNDQG8QLWHG.LQJGRPDUHDOUHDG\UHJXODUPHPEHUVRIWKH
FRQVRUWLXP
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)LJ'DPDJHORFDWLRQDQGOHQJWKIRUJURXQGLQJGDPDJHVDFFRUGLQJWR*2$/'6GDWDEDVH
7KHUHIRUHDWWHQWLRQZDVIRFXVHGRQWKHWKHQHZILQGLQJVUHODWHGWRWKHJURXQGLQJGDPDJHVDQGWKHLU
LPSDFWRQSRVVLEOHUHFRQVLGHUDWLRQRI62/$65HJPLQKHLJKWRIGRXEOHERWWRPIRUSDVVHQJHUVKLSV
6RPHEDFNJURXQGLQIRUPDWLRQDVVRFLDWHGZLWKWKHRULJLQDOGHYHORSPHQWRIWKHUHTXLUHPHQWVLQ5HJFDQ
EHIRXQGLQ6/),1)LQZKLFKXVHZDVPDGHRIJURXQGLQJGDWDFROOHFWHGEXWQRWDQDO\VHGLQ
GHWDLO+HUHLQWKHHQKDQFHG*2$/'6GDWDEDVHZDVFRQVLGHUHGDQGGDWDDQDO\VHGDLPLQJDW
x 7KH TXDQWLILFDWLRQ RI WKH SUREDELOLW\ WKDW ERWWRP GDPDJH FRXOG SHQHWUDWH WKH LQQHU GRXEOH
ERWWRPLIFRQVWUXFWHGDFFRUGLQJWRPLQLPXPVWDQGDUG
x 7KHTXDQWLILFDWLRQRIWKHSUREDELOLW\WKDWERWWRPGDPDJHGLPHQVLRQVFRXOGEHODUJHUWKDQWKRVH
VSHFLILHGE\62/$65HJ
7KH REWDLQHG UHVXOWVZHUH DOVR DSSUR[LPDWHO\ FRPSDUHGZLWK WKH SUREDELOLW\ OHYHOVZKLFK EHFDPH
NQRZQLQWKHSURFHVVRIGHYHORSPHQWRI5HJ6/),1)DQGWKHUHIRUHWRVRPHH[WHQWDJUHHG
DW,02
7DEOHVKRZV WKHHVWLPDWHGSUREDELOLW\RI WKH LQQHUERWWRPEHLQJSHQHWUDWHGDVDFRQVHTXHQFHRID
JURXQGLQJDFFLGHQWLIFRQVWUXFWHGDFFRUGLQJWRPLQLPXP62/$6VWDQGDUGV,QWKHWDEOH/]LVWKHYHUWLFDO

5HJDUGLQJWKHUHFRUGHGGDPDJHOHQJWKRIJURXQGLQJVVSHFLDODWWHQWLRQZDVSDLGWRWKHFRQVLGHUDWLRQPXOWLSOHKROHV¶GDPDJHVE\
DQHTXLYDOHQWGDPDJHOHQJWK
*2$/'6GDWDEDVHVKLSW\SHV
%XON
&DUULHU

&RQWDLQHU

*HQHUDO
&DUJR

3DVVHQJHU
5R5R

7DQNHU

RWKHU

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GDPDJH H[WHQW GDPDJH SHQHWUDWLRQ '%+6 LV WKH PLQLPXP GRXEOH ERWWRP KHLJKW DFFRUGLQJ WR
VWDQGDUG UHTXLUHPHQWV 5HJ  DQG '%+6//+ LV WKH LQFUHDVHG PLQLPXP GRXEOH ERWWRP KHLJKW
UHOHYDQWIRUSDVVHQJHUVKLSVILWWHGZLWKODUJHORZHUKROGV5HJ,QERWKHVWLPDWLRQVDOODYDLODEOHGDWD
IRUVKLSVH[FHSWWDQNHUVDQGILVKLQJYHVVHOVKDYHEHHQXVHGDOWKRXJKLQSULQFLSOHIRUWKHHVWLPDWLRQRIWKH
SUREDELOLW\3U^/=!'%+6//+`RQO\SDVVHQJHUYHVVHOVVKRXOGKDYHEHHQFRQVLGHUHG7KLVDSSURDFKLV
KRZHYHUUHDVRQDEOHFRQVLGHULQJWKHIDFW WKDW LQWKHH[SORUDWRU\GDWDDQDO\VLV WKHUHZDVQRHYLGHQFHRI
VLJQLILFDQWGLIIHUHQFHV LQ WKHGLVWULEXWLRQRIERWWRPGDPDJHSHQHWUDWLRQEHWZHHQIXOO VKLSVDQGQRQIXOO
VKLSVUHSUHVHQWDWLYHRISDVVHQJHUYHVVHOV
7DEOH 3UREDELOLW\RIERWWRPGDPDJHSHQHWUDWLRQH[FHHGLQJ62/$6PLQLPXPGRXEOHERWWRPKHLJKW
(YHQW (VWLPDWHGSUREDELOLW\ZLWKFRQILGHQFHLQWHUYDO
'HWDLOVRIWKH
VDPSOHRIGDWD
^ `63U ]/ '%+!  > @

  
6DPSOHV
([FHHGLQJ
^ `6//+3U ]/ '%+!  > @

  
6DPSOHV
([FHHGLQJ
)RUZKDWFRQFHUQV WKHHVWLPDWLRQRI WKHSUREDELOLW\RIH[FHHGDQFHRIERWWRPGDPDJHGLPHQVLRQVDV
VSHFLILHGE\62/$65HJ WKHDQDO\VLVFRQVLGHUHGGLIIHUHQWHYHQWV7KHSUREDELOLW\ZDVHVWLPDWHGWKDW
HDFKVLQJOHGDPDJHGLPHQVLRQVSHFLILHGLQ5HJLVH[FHHGHGLQFDVHRIDJURXQGLQJDFFLGHQW,QDGGLWLRQ
WKH SUREDELOLW\ ZDV HVWLPDWHG WKDW DOO GDPDJH GLPHQVLRQV VSHFLILHG LQ 5HJ FRXOG EH H[FHHGHG DV D
FRQVHTXHQFH RI D JURXQGLQJ DFFLGHQW  )LQDOO\ WKH SUREDELOLW\ZDV HVWLPDWHG WKDW DO OHDVW RQH GDPDJH
GLPHQVLRQUHVXOWLQJIURPDJURXQGLQJDFFLGHQWFRXOGH[FHHGWKHYDOXHVVSHFLILHGE\5HJ5HVXOWVIURP
WKLVDQDO\VLVDUHUHSRUWHGLQ7DEOH,QWKHWDEOH/;LVWKHGDPDJHOHQJWK/\LVWKHGDPDJHZLGWKDQG/=
LV WKH GDPDJH SHQHWUDWLRQ ZKLOH WKH VXEVFULSW µ6¶ LQGLFDWHV WKH VDPH TXDQWLWLHV DV VSHFLILHG E\
62/$65HJ,WFDQEHVHHQWKDWWKH62/$6GLPHQVLRQZLWKWKHKLJKHVWSUREDELOLW\RIH[FHHGDQFHLV
WKHGDPDJHOHQJWKIROORZHGE\WKHGDPDJHSHQHWUDWLRQDQGILQDOO\E\WKHGDPDJHZLGWK
7DEOH ([FHHGDQFHSUREDELOLWLHVIRUERWWRPGDPDJHFKDUDFWHULVWLFVDVSUHVFULEHGLQ62/$6
(YHQW (VWLPDWHGSUREDELOLW\ZLWKFRQILGHQFHLQWHUYDO
'HWDLOVRIWKHVDPSOH
RIGDWD
^ `63U [ [/ /!  > @

  
6DPSOHV
([FHHGLQJ
^ `63U \ \/ /!  > @

  
6DPSOHV
([FHHGLQJ
^ `63U ] ]/ /!  > @

  
6DPSOHV
([FHHGLQJ
 
 
 
6
6
6
3U
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/ /
/ /
/ /
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6DPSOHV
([FHHGLQJ
3UREDELOLWLHVRIH[FHHGDQFHRI62/$6ERWWRPGDPDJHFKDUDFWHULVWLFVKDYHEHHQIRXQGWREHRYHUDOO
TXLWHLQOLQHZLWKWKRVHHVWLPDWHGDW WKHWLPHRIGHYHORSPHQWRI5HJ7KHUHIRUH WKHSUHVHQWDQDO\VHV
ZRXOGQRWFDOOIRULPPHGLDWHDQGVLJQLILFDQWUHYLVLRQVRI5HJXQOHVVGLIIHUHQWDFFHSWDEOHSUREDELOLWLHV
RIH[FHHGDQFHDUHVHW7KHUHDUHKRZHYHUVRPHLQGLFDWLRQVWKDWWKHSUHVHQW5HJUHTXLUHPHQWVFRXOGEH
PRUH FRQVHUYDWLYH IRU ODUJH VKLSV DQG OHVV FRQVHUYDWLYH IRU VPDOO VKLSV DQG WKLV DVSHFW GHVHUYHV
DGGLWLRQDODWWHQWLRQ

'HYHORSPHQWRIWKHQHZVXUYLYDOVIDFWRU
&DSVL]HEDQG
7KHFDSVL]HEDQGRUPRUHSUHFLVHO\WKHFDSVL]HWUDQVLWLRQLVRQHRIWKHFRUHFRQFHSWVDVVRFLDWHGZLWK
VKLS VXUYLYDELOLW\ LQ VHDZD\V ,W LV WKH EDQG RI VHD VWDWHV ZLWKLQ ZKLFK WKH WUDQVLWLRQ IURP XQOLNHO\ WR
FHUWDLQ FDSVL]HV WDNHV SODFH &DSVL]H IDLOXUH UDWH ZLWKLQ WKH EDQG IROORZV VLJPRLG GLVWULEXWLRQ
2EYLRXVO\WKHUDWHRIREVHUYHGFDSVL]HVGHSHQGVRQWLPHRIREVHUYDWLRQDQGLQDOLPLWLQJFDVHRILQILQLWH
H[SRVXUHWKHFDSVL]HUDWHGLVWULEXWLRQZLOOEHFRPHXQLWVWHSIXQFWLRQ,PSRUWDQWO\DVREVHUYHGGXULQJWKH
*2$/'6SURMHFW WKHFDSVL]HUDWH IXQFWLRQZLOOFRQWUDFW WRZDUGV LWV ORZHUERXQGDU\7KHUHIRUH WDNLQJ
WKHFDSVL]HUDWHWREHVRPHVPDOOQXPEHULWFDQEHDVVXPHGWKDWWKHVHDVWDWHFRUUHVSRQGLQJWRWKDWUDWH
ZLOOQRWFKDQJHVLJQLILFDQWO\ZKHQWKHWLPHRIREVHUYDWLRQLVREVHUYHG7KLVKDVVRPHLPSRUWDQWSUDFWLFDO
LPSOLFDWLRQVQDPHO\WKDWVHDVWDWHFRUUHVSRQGLQJWRWKHVPDOOFDSVL]HUDWHFDQEHHVWDEOLVKHGRQDEDVLVRI
UHODWLYHO\VKRUWVLPXODWLRQVRUH[SHULPHQWVDQGZRXOGVWLOOUHPDLQYDOLGZLWKVRPHXQFHUWDLQW\IRUPXFK
ORQJHUREVHUYDWLRQV
:DWHURQGHFN
7KH SUREOHP RI ³ZDWHURQGHFN´ :R' GHULYHV LWV LPSRUWDQFH IURP REVHUYHG FRUUHODWLRQ RI WKH
DPRXQWRIDFFXPXODWHGZDWHURQGHFNDQGVXUYLYDELOLW\RIWKHYHVVHO7KHPDMRUGLIILFXOW\HQFRXQWHUHGLQ
DWWHPSWLQJ WR DGGUHVV WKH :R' SUREOHP LV WKH VWRFKDVWLF DQG QRQHUJRGLF FKDUDFWHU RI WKH IORRGLQJ
SURFHVVZKLFKJHQHUDOO\PDNHVWKHDQDO\VLVYHU\FRPSOH[DQGWLPHFRQVXPLQJ,QWKLVFRQWH[WSURSHUWLHV
RI WKH FDSVL]H EDQG FDQ EH XVHG WR UHIRUPXODWH RU UDWKHU DGGUHVV WKLV SUREOHP LQ D PRUH FRQYHQLHQW
IDVKLRQ ,Q RWKHU ZRUGV WKH DQDO\VLV RI:R' DFFXPXODWLRQ FDQ EH EDVHG QRW RQ WKH FDVHV ZLWKLQ WKH
FDSVL]HEDQGEXWMXVWRXWVLGHLWVORZHUERXQGDU\WRZDUGVZKLFKWKHEDQGFRQWUDFWV
6XFK DSSURDFK KDV FHUWDLQ DGYDQWDJHV ± ILUVWO\ ORQJ EXW ILQLWH REVHUYDWLRQ WLPH DURXQG WKH ORZHU
ERXQGDU\SUDFWLFDOO\JXDUDQWHHVLQILQLWHVXUYLYDOWLPHWKHORZHUERXQGDU\FDQEHDVVXPHGWLPHLQYDULDQW
DVSUHYLRXVO\VKRZQ6HFRQGO\DQDO\VLVRIVXUYLYLQJFDVHVDOORZVUHOD[LQJWKHOLPLWDWLRQZLWKUHVSHFWWR
HUJRGLFLW\ RI WKH SURFHVV ± LH IORRGLQJ VLPLODUO\ WR VKLS UHVSRQVH FDQ EH DVVXPHG IRU HQJLQHHULQJ
SXUSRVHVHUJRGLF7KLVDOORZHGIRUPXODWLQJDSURFHGXUHIRUDQDO\VLQJ:R'RUIORRGZDWHUDFFXPXODWLRQ
LQWKHJHQHUDOFDVHEDVHGRQDQDYHUDJHGWKSHUFHQWLOHFDOFXODWHGZLWKLQWKHFXPXODWLYHWLPHLHZLWKLQ
RQHZDYHSHULRGDQGLWVPXOWLSOLFDWLRQV
$OWKRXJKWKHWHFKQLTXHDGRSWHGLHWLPHGRPDLQVLPXODWLRQVDQGDQDO\VLVEDVHGRQDUHODWLYHO\VPDOO
QXPEHURIUHDOLVDWLRQVPLJKWEHTXHVWLRQDEOHSDUWLFXODUO\WKHLQFOXVLRQRIWKHWUDQVLHQWSKDVHRIWKHWLPH
KLVWRU\QRQVWDWLRQDU\LWVKRXOGEHQRWHGKHUHWKDWWKHPDLQSXUSRVHZDVWRYLVXDOLVHDQGTXDOLWDWLYHO\
FRPSDUH IORRGLQJ SURFHVVHV ZLWKRXW DQ\ DWWHPSW WR GUDZ TXDQWLWDWLYH FRQFOXVLRQV ,Q VSLWH RI FHUWDLQ
PDWKHPDWLFDO VKRUWFRPLQJV KRZHYHU WKH DQDO\VLV SURGXFHG YHU\ LPSRUWDQW LQIRUPDWLRQ )LUVWO\ LW KDV
EHHQQRWLFHG WKDW WKHWKSHUFHQWLOH LQDOO WKH VXUYLYLQJFDVHV UHDFKHGDQDV\PSWRWHZKHUHDV ODFNRI LW
LQGLFDWHG SURJUHVVLYH IORRGLQJ WKDW ZRXOG HYHQWXDOO\ UHVXOW LQ D ORVV 6HFRQGO\ DOWKRXJK WKH OLPLWLQJ
DPRXQWRI IORRGZDWHUZRXOGYDU\ZLWKVHDVWDWHVXFKYDULDELOLW\SURYHGWREHVWDWLVWLFDOO\LQVLJQLILFDQW
)XUWKHUPRUH VKRXOG LQ DQ\ SDUWLFXODU WLPH UHDOLVDWLRQ WKH IORRGZDWHU DPRXQW WKH DV\PSWRWLF YDOXH
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H[FHHGHGE\VRPHVWDWLVWLFDOO\VLJQLILFDQWDPRXQWWKHFRUUHVSRQGLQJXSSHUFRQILGHQFHOLPLWLWZRXOGEH
DFOHDULQGLFDWLRQRIVXEVHTXHQWORVV


)LJ&RQWUDFWLRQRIWKHFDSVL]HEDQGZLWK
LQFUHDVHGWLPHRIREVHUYDWLRQ

)LJ([DPSOHVRIDFFXPXODWLRQRIIORRGZDWHU
WRWDODPRXQWIRUVPDOO523$;

7KH ILQDO RXWFRPH RI WKH:R' DQDO\VLV LV WKDW WKH IORRGLQJ SURFHVV RI WKH VXUYLYLQJ FDVHV FDQ EH
FKDUDFWHULVHGE\DVWDWLVWLFDOO\XQLTXH OLPLW IRUDQ\JLYHQGDPDJH LQGHSHQGHQWRIVHDVWDWHDQG WLPHRI
REVHUYDWLRQ ,W LV LPSRUWDQW WR QRWH WKDW WKH OLPLWLQJ DPRXQW RI IORRGZDWHU FRLQFLGHV ZLWK WKH TXDQWLW\
REWDLQHGIRUWKHKLJKHVWVHDVWDWHDWZKLFKQRORVVHVZHUHREVHUYHG±ORZHUERXQGDU\RIWKHFDSVL]HEDQG
)XUWKHUPRUH DV WKH DQDO\VLV LQGLFDWHV LQFUHDVLQJ WKH VHD VWDWH IXUWKHU GRHV QRW KDYH DQ LPSDFW RQ WKH
OLPLWLQJYDOXHEXW LQFUHDVHV WKHSUREDELOLW\RIH[FHHGLQJ LW7KLVSUREDELOLW\ LV WLPHGHSHQGHQW± LQ WKH
H[WUHPHFDVHRILQILQLWHWLPHREVHUYDWLRQDOOUHDOLVDWLRQVLQVHDVWDWHVEHORZWKHORZHUEUDQFKRIFDSVL]H
EDQGZRXOGQHYHUH[FHHGWKHOLPLWZKHUHDVLWFDQEHH[SHFWHGWKDWLQVHDVWDWHVZLWKLQWKHFDSVL]HEDQG
WKHSUREDELOLW\RIH[FHHGLQJWKHOLPLWZRXOGDSSURDFKXQLW\7KLVLVLQHVVHQFHDQHTXLYDOHQWRIWKHXQLW
VWHSUHSUHVHQWDWLRQRIWKHFDSVL]HEDQG)LQDOO\WKHDQDO\VLVKDVSURYHGWKDWLQVSLWHRIGLIIHUHQFHVLQWKH
XQGHUO\LQJSK\VLFVERWKPRGHVRIJUDGXDOORVVLHFDSVL]HDQGVLQNLQJFDQEHVXFFHVVIXOO\DSSURDFKHG
ZLWK WKH VDPH PRGHO )XUWKHUPRUH FRQVLVWHQF\ RI RXWFRPH RI :R' LQYHVWLJDWLRQ ZLWK REVHUYHG
SURSHUWLHVRIWKHFDSVL]HEDQGDOORZHGUHIRUPXODWLQJWKHGHILQLWLRQRIDFULWLFDOVLJQLILFDQWVHDVWDWH7KH
FULWLFDOVLJQLILFDQWZDYHKHLJKW+6FULWLVDVHDVWDWHDWZKLFKQRPRUHWKDQRIUHDOLVDWLRQVSHUIRUPHG
IRUDWOHDVWPLQXWHVUHVXOWHGLQVKLSORVV
7KHVIDFWRU
'HULYLQJ IURP WKH RULJLQDO +$5'(5 SURMHFW DQG WKH RXWFRPH RI WKH (06$ VWXGLHV 
(06$23LWKDVEHHQGHFLGHGLQ*2$/'6WREDVHWKHVIDFWRUIRUPXODWLRQRQWKHFRQFHSWRI
FULWLFDO VLJQLILFDQW ZDYH KHLJKW+6FULW DQG FRQVWUXFW WKH SUREDELOLW\ RI VXUYLYLQJ FROOLVLRQ GDPDJHV E\
PDSSLQJWKH+6FULWE\,02GLVWULEXWLRQRIVHDVWDWHVHQFRXQWHUHGGXULQJFROOLVLRQLQFLGHQWV





ZKHUHDFFRUGLQJWR+$5'(5

³6WXG\RIWKHVSHFLILFGDPDJHVWDELOLW\SDUDPHWHUVRI5R5RSDVVHQJHUYHVVHOVDFFRUGLQJWR62/$6LQFOXGLQJZDWHURQGHFN
FDOFXODWLRQ´
    FULW6
+
6FROO+6NML ++IG+V
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6
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


$FFRUGLQJ WR VHQVLWLYLW\ DQDO\VLV GHVLJQ RI H[SHULPHQWV RU '2( WHFKQLTXH LW KDV EHHQ IRXQG
KRZHYHU WKDW WKH SDUDPHWHUV SUHVHQW LQ WKH IRUPXODWLRQ DUH LQVXIILFLHQW WR FDSWXUH IXOO\ WKH UHODWLRQV
EHWZHHQVHDVWDWHDQGWKHGDPDJHGVKLSSURSHUWLHV,QGHHGLWKDVEHHQIRXQGWKDWDSDUWIURPWKH*=PD[
DQG5DQJHVKLSVL]HVKRXOGDOVREHWDNHQLQWRDFFRXQW)XUWKHUPRUHDQHIIRUWZDVPDGHWRUHSODFHWKH
VWDWLVWLFDO QRUPV LH  DQG  ZLWK JHQHULF SDUDPHWHUV )LQDOO\ WKH VWXGLHV KDYH VKRZQ WKDW WKH
IROORZLQJIRUPXODFDQEHXVHGWRHVWLPDWHWKH+6FULWZLWKVDWLVIDFWRU\DFFXUDF\





ZKHUH
 $*= DUHDXQGHUUHVLGXDO*=FXUYHXSWRWKHIORRGLQJDQJOH>UDGP@
 *0I PHWDFHQWULFKHLJKWRIWKHIORRGHGVKLS>P@
 95 UHVLGXDOYROXPHYROXPHRIWKHVXEGLYLGHGVSDFHVQRWRSHQHGWRVHD>P@
 5DQJH UDQJHRISRVLWLYHVWDELOLW\XSWRWKHIORRGLQJDQJOH>UDG@


)LJ&RPSDULVRQRI*2$/'6SUHGLFWLRQRI+6FULWDQGDUHJUHVVLRQEDVHGRQUHVSRQVHVXUIDFH'R(ZLWKXVHRI
LQLWLDODQGILQDOVHWRISDUDPHWHUV'R(IDLOVWRVLJQLILFDQWO\LQFUHDVHFRUUHODWLRQZLWKH[SHULPHQWDOGDWDLQFDVHRI
LQLWLDO62/$6SDUDPHWHUVVHWKRZHYHUDSSO\LQJWRWKHILQDOIRUPXODSDUDPHWHUVUHVXOWVLQFRUUHODWLRQ

$OWKRXJK WKH IRUPXODPD\ ORRNTXLWH FRPSOH[ LW FDQEH VHHQ WKDW LW KDVYHU\ VLPSOH LQWHUSUHWDWLRQ
6SHFLILFDOO\XVLQJWULDQJXODUDSSUR[LPDWLRQRIWKH*=FXUYHLWLV








,WPHDQVWKDWWKHVWDELOLW\UHODWHGIDFWRUFDQEHDSSUR[LPDWHGE\WKHUDWLRRIWKHKHHODQJOHDWWKH
PD[LPXP*=PHDVXUHGIURPWKHDQJOHRIVWDWLFHTXLOLEULXPWRDQDQJOHRIUDGM¶*=PD[
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([SHULPHQWDOVWXGLHVRQVXUYLYDELOLW\
2QH RI WKHPDLQ REMHFWLYHV RI WKH SURMHFW LV WR SURYLGH DQ DGGLWLRQDO ERG\ RI H[SHULPHQWDO GDWD RQ
SDVVHQJHUYHVVHOV LQ UHODWLRQ WR WKHSURFHVVRI VKLS VWDELOLW\GHWHULRUDWLRQDIWHU W\SLFDO KXOOEUHDFK IURP
FROOLVLRQDQGJURXQGLQJDFFLGHQWV$QH[DFWPDWFKEHWZHHQWKHQXPHULFDOUHVXOWVDQGH[SHULPHQWDOUHVXOWV
RQD UXQE\UXQEDVLV LVQHLWKHUGHVLUDEOHQRUVRXJKW IRUGXH WR WKHSUREDELOLVWLFQDWXUHRI WKH IORRGLQJ
SKHQRPHQD +RZHYHU WKHDFFXPXODWLRQRID VXEVWDQWLDO ERG\RIH[SHULHQWLDO DQGH[SHULPHQWDOGDWD LV
HVVHQWLDOLQLQFUHDVLQJWKHFRQILGHQFHLQWKHPHWKRGVDQGDOJRULWKPVXVHGWRHVWLPDWHWKHGDPDJHVWDELOLW\
FKDUDFWHULVWLFV RI YHVVHOV 7KH LQIRUPDWLRQ VRXJKW IRU WKURXJK WKH H[SHULPHQWDO VWXGLHV LQFOXGHV WKH
UHODWLRQVKLSEHWZHHQVSHFLILFVHWRIGDPDJHDQGHQYLURQPHQWDOFRQGLWLRQVDQGWKHSUREDELOLW\RIWKHOLPLW
VWDWHFRQGLWLRQHYROYLQJDQGWKHWLPHWDNHQIRUWKHOLPLWVWDWHWREHUHDFKHG([SHULPHQWVZHUHGHVLJQHG
DQG FRQGXFWHG VR WKDW WKH UHVXOWV FRXOG EH XVHG EURDGO\ IRU WKH YHULILFDWLRQ RI UHODWHG QXPHULFDO
SUHGLFWLRQVRIWKHVXUYLYDOIDFWRUVIDFWRUDVRXWOLQHGLQWKHSUHYLRXVVHFWLRQ
7KH H[SHULPHQWV ZHUH XQGHUWDNHQ IRU WZR UHSUHVHQWDWLYH ODUJH 523$; DQG WZR FUXLVH OLQHU VKLSV
9LHQQD0RGHO%DVLQEXLOWDQGFDUULHGRXWH[SHULPHQWV IRUFUXLVHYHVVHOVDQG+69$+DPEXUJZDV LQ
FKDUJHRIWKH523$;YHVVHOV7KHPDLQGDWDRIWKHVDPSOHYHVVHOVVHOHFWHGIRUWKHSK\VLFDOH[SHULPHQWV
DUHJLYHQLQ7DEOH
7DEOH0DLQGDWDRI*2$/'6WHVWVKLSV
6KLS 5RSD[5 5RSD[5 &UXLVHVKLS&
&UXLVHVKLS
&
1XPEHURISDVVHQJHUV    
/2$ P P P P
/%3 P P P P
%UHDGWKPRXOGHG P P P P
'HHSHVWVXEGLYLVLRQORDGOLQH P P P P
'HSWKWREXONKHDGGHFN P P P P
'LVSODFHPHQW WQ WQ WQ WQ
6HUYLFHVSHHG NQ NQ NQ NQ
$OO VDPSOH YHVVHOV DUH VKLSV GHVLJQHG LQ FRPSOLDQFH ZLWK WKH GHWHUPLQLVWLF 62/$6 ¶ GDPDJH
VWDELOLW\UHJXODWLRQV7KHGHFLVLRQWRXVH62/$6VKLSVDVDEDVLVIRUWKHGHYHORSPHQWRIWKH*2$/'6
GDPDJH VWDELOLW\ VWDQGDUG ZDV PDGH VR WKDW D FRPPRQ EDVHOLQH FRXOG EH IRUPHG ZLWK FRPSDUDEOH
QXPHULFDO DQG H[SHULPHQWDO GDWD REWDLQHG LQ WKH +$5'(5 SURMHFW 1RWH WKDW WKH KDUPRQL]HG
SUREDELOLVWLF62/$6ZDVDOVRGHYHORSHGRQDQHTXLYDOHQWEDVLVZLWK62/$6

'DPDJHVHOHFWLRQ
7KH VHOHFWLRQ RI WKH GDPDJH ORFDWLRQ DQG H[WHQW IRU WKH PRGHO H[SHULPHQWV ZDV PRUH RU OHVV
VWUDLJKWIRUZDUGIRUWKHFROOLVLRQGDPDJHVLQYLHZRISDVWH[SHULHQFHZLWKUHVSHFWWRWKHLGHQWLILFDWLRQRI
WKH ZRUVW GDPDJHV+RZHYHU LW ZDV OHVV FOHDUFXW ZLWK JURXQGLQJ GDPDJHV IRU ZKLFK OHVV H[SHULHQFH
H[LVWV7KXV WKH ORFDWLRQRI WKHJURXQGLQJGDPDJHV IRU WKH VHOHFWHG VDPSOH VKLSVZDV VSHFLILHGRQ WKH
EDVLV RI WKH VWDWLVWLFDO GDWD FROOHFWHG E\ WKH SURMHFW )RU WKH FULWLFDO JURXQGLQJ LW ZDV DVVXPHG WKDW 
FRPSDUWPHQWVRIWKHGRXEOHERWWRPZHUHIORRGHGZLWKWKHDGGLWLRQDOSHQHWUDWLRQRIWKHFHQWUHZDWHUWLJKW
EXONKHDGDERYHWKHLQQHUERWWRPWRDOORZXSIORRGLQJLQWRWKHWZRFHQWUDOFRPSDUWPHQWV)LJ
7KH FULWLFDO ORFDWLRQ RI WKH FROOLVLRQ GDPDJH ZDV GHULYHG EDVHG RQ WKH LGHD RI WKH ZRUVW 62/$6
GDPDJHFRPSDUWPHQWGDPDJHXS WR%ZLWKLQ/IURPPLGVKLSZLWKUHVSHFW WR WKHPLQLPXP
DUHD XQGHU WKH UHVLGXDO SRVLWLYH *= FXUYH FRPELQHG ZLWK WKH UHVXOWV RI QXPHULFDO WLPHGRPDLQ
VLPXODWLRQVRIWKHVDPHGDPDJHV7KHLPSDFWRIWKHGDPDJHVDWYDULRXVORFDWLRQVDVVHVVHGE\DSSO\LQJ
62/$6SURYLVLRQVDQGQXPHULFDOVLPXODWLRQVZDVUDQNHGLQWHUPVRIWKHLUVHYHULW\7KHUDQNLQJVIURP
ERWKPHWKRGVZHUHVXPPHGDQGWKHFDVHZLWKWKHORZHVWVXPRUWKHKLJKHVWUDQNLQJZDVUHJDUGHGDVWKH
PRVW VHYHUH FDVH DQG ZDV FKRVHQ IRU WHVWLQJ ,W VKRXOG EH QRWHG WKDW IRU FUXLVH YHVVHOV ZKLFK ZHUH
H[SHFWHGWRH[KLELWYHU\KLJKVXUYLYDELOLW\DFRPSDUWPHQWGDPDJHRIRXWHUVKHOOZDVXVHGLQRUGHUWR
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
)LJ([DPSOHJURXQGLQJGDPDJHXVHG&

DSSURDFK WKH VXUYLYDELOLW\ ERXQGDU\ ,Q JHQHUDO LW ZDV DJUHHG WKDW IRU YHULILFDWLRQ SXUSRVHV VXLWDEOH
VWDWLVWLFDO GDPDJHV EH\RQG62/$6 VWDQGDUG LH LQFUHDVHG SHQHWUDWLRQ EH LQFOXGHG LQ WKH WHVWV WR
HQVXUHWKDWWKHIRUPXODWLRQRIWKHVIDFWRUUHDOLVWLFDOO\FDSWXUHVWKHSK\VLFVRIUHODWHGGDPDJHV

6XPPDU\RIWHVWV
7\SLFDOWHVWPDWUL[LQFOXGHGWHVWLQJRIRQHFROOLVLRQDQGRQHJURXQGLQJGDPDJHIRUHDFKVKLSDWDJLYHQ
GLVSODFHPHQWLQLWLDOO\ZLWKPD[LPXP.*YDOXHV62/$6EXWVXEVHTXHQWO\ZLWKKLJKHU.*YDOXHV
LQDQDWWHPSWWRFDSWXUHWKHVXUYLYDELOLW\ERXQGDU\HVSHFLDOO\ZLWKWKHFUXLVHYHVVHOV9DULRXVVLJQLILFDQW
ZDYHKHLJKWVRIXSWRPZHUHWHVWHGLQPRVWFDVHVH[FHSWZKHQZDYHKHLJKWVLQH[FHVVRIPZHUH
XVHGLQDQDWWHPSWWRDVFHUWDLQWKHVXUYLYDELOLW\OLPLW
7KH QRUPDO SURFHGXUH RI µHTXLOLEULXP PRGH¶ WHVWV ZDV IROORZHG LQ PRVW FDVHV E\ DOORZLQJ WKH
GDPDJHGPRGHO WR FRPSOHWH WKH IORRGLQJ SURFHVV LQ FDOP VHDZLWKRXW DQ\PRWLRQV EHIRUHZDYHVZHUH
JHQHUDWHG ,Q VRPH FDVHV KRZHYHU µWUDQVLHQW PRGH¶ WHVWV ZHUH DOVR XVHG WR GLVFRYHU WKH HIIHFWV RI
WUDQVLHQW IORRGLQJ LQ VSHFWUDO VHDV 7KH VWDQGDUG WHVW WLPH RI PLQXWHV IXOO VFDOHZDV XVHG DV D UXOH
H[FHSWZKHQVRPHWHVWVZHUHFRQGXFWHGIRUXSWRPLQXWHVLQDIHZFDVHVWRLQYHVWLJDWHWKHHIIHFWVRI
ORQJHUWHVWWLPH
2YHUYLHZRIPDLQUHVXOWV
7KH UDWH RI FDSVL]HZDVREWDLQHG DV VKRZQ LQ)LJV± 7KH VXUYLYDELOLW\ RI WKHYHVVHO&ZDV
IRXQG WR EH VR KLJK WKDW LW ZDV QRW SRVVLEOH WR HVWDEOLVK D PHDQLQJIXO UDWH RI FDSVL]H IRU WKLV VKLS
1HYHUWKHOHVVWKHVLJPRLGGLVWULEXWLRQRIWKHFDSVL]HEDQGVIRUWKHRWKHUWHVWHGVKLSVLVDSSDUHQW
%RWK FUXLVH VKLSV VKRZHG YHU\ JRRG VXUYLYDO FDSDELOLW\ HYHQ IRU YHU\ KLJK .* ZHOO EH\RQG WKH
PD[LPXP.* DOORZHG E\62/$6 7KHUHIRUH LWZDV QHFHVVDU\ WR OHDYH WKH VHPLZDWHUWLJKW GRRUV
6:'VRSHQLQRUGHUWRPDNHWKHPFDSVL]H7KHWLPHWRFDSVL]HLVJLYHQLQ)LJV±









)LJ &DSVL]HUDWHRI5)LJ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
7KURXJKWKLVH[SHULPHQWDOVWXG\WKHIROORZLQJREVHUYDWLRQVKDYHEHHQPDGH
D 7LPHWRFDSVL]HKDVVKRZQDYHU\ZLGHGLVWULEXWLRQIRUDOOPRGHOVVXIIHULQJFROOLVLRQGDPDJH
E 7KHPRVW LPSRUWDQWSDUDPHWHUZKLFKGHWHUPLQHV WKHVXUYLYDELOLW\RIDGDPDJHGYHVVHO LV WKH LQWDFW
VWDELOLW\FKDUDFWHULVWLFVWKHPRVWREYLRXVRIZKLFKLV*0
F ,QRUGHUWRREWDLQH[SHULPHQWDOGDWDRIVWDWLVWLFDOVLJQLILFDQFHPDQ\PRUHWHVWVKDYHWREHUXQIRUWKH
VDPHPRGHOV
G 7HVWVFDUULHGRXWLQµWUDQVLHQWPRGH¶IRUVDPSOHVKLSV&DQG&VKRZWKDWDODUJHSDVVHQJHUYHVVHO
FDQ H[SHULHQFH H[FHVVLYH KHHO RU UROOPRWLRQ LQ WKH LQWHUPHGLDWH VWDJHV RI IORRGLQJ VRRQ DIWHU WKH
EUHDFKRIWKHKXOO7KLVDVSHFWZLOOUHTXLUHIXUWKHULQYHVWLJDWLYHDWWHQWLRQLQWKHIXWXUH
H 7KH LPSRUWDQFH RI NHHSLQJ VHPLZDWHUWLJKW GRRUV FORVHG HYHQ LQ KDUERXU KDV EHHQ FOHDUO\
GHPRQVWUDWHG DV WKH ODUJH FUXLVH VKLS PRGHOV ZKLFK GLG QRW FDSVL]H LQ PRVW RQHURXV FRQGLWLRQV
UHDGLO\VXFFXPEHGZKHQ WKH6:'VZHUH OHIWRSHQ%RWKFUXLVHPRGHOVVKRZHGYHU\JRRGGDPDJH
VXUYLYDELOLW\ZKHQWKH6:'VZHUHNHSWFORVHG
I $OOIRXUVKLSVKDYHH[KLELWHGYHU\JRRGVXUYLYDELOLW\ZKHQJURXQGLQJGDPDJHLVLQIOLFWHGDQGQR
FDSVL]HRFFXUUHGHYHQLQWKHWUDQVLHQWPRGHWHVWV









)LJ 7LPHWRFDSVL]HIRU5)LJ 7LPHWRFDSVL]HIRU&
5LVNEDVHGGDPDJHVWDELOLW\UHTXLUHPHQW

6WDWLVWLFDOEDVLV
,QWKH*2$/'6SURMHFW WKHULVNDVVRFLDWHGZLWKFROOLVLRQDQGJURXQGLQJHYHQWVKDVEHHQFRQVLGHUHG
E\ FROOHFWLQJ DQG VWDWLVWLFDOO\ DQDO\]LQJ DFFLGHQW GDWD $FFLGHQW GDWD ZDV GHGXFHG IURP ,+6 )DLUSOD\
&DVXDOW\GDWDEDVH/0,8DQG*,6,6 DQGRQO\ WKRVH FROOLVLRQV DQGJURXQGLQJV WKDWZHUH FRQVLGHUHG DV
µVHULRXV¶ ZHUH LQFOXGHG LQ WKH VWXG\ 7KH LQLWLDO FROOLVLRQ DQG JURXQGLQJ IUHTXHQFLHV IRU WKH SHULRG
 ±  ZHUH FDOFXODWHG IRU FUXLVHSDVVHQJHU VKLSV DQG 523$;523$;UDLO YHVVHOV
XVLQJ:RUOG)OHHW6WDWLVWLFV7KHIROORZLQJSDUDPHWHUVZHUHWDNHQLQWRDFFRXQW
x *7±PRVWVKLSVEHORZ*7RSHUDWHRQQRQLQWHUQDWLRQDOYR\DJHV
x OHQJWKP±PRVWVKLSVEHORZPLQOHQJWKRSHUDWHLQQRQLQWHUQDWLRQDOYR\DJHV
x %XLOW
x ,$&6FODVVDWWLPHRIDFFLGHQW±WRUHGXFHWKHSRWHQWLDOHIIHFWRIXQGHUUHSRUWLQJ
x ,$&6FODVVIRUGHWHUPLQDWLRQRIVKLS\HDUV
x )URXGH1R±WRHOLPLQDWHKLJKVSHHGFUDIWIURPWKHVWXG\

5LVNPRGHOV±KLJKOHYHO
7KHULVNPRGHOVRI*2$/'6DUHSUHVHQWHGLQWKHIRUPRIHYHQWWUHHVFRYHULQJJURXQGLQJDQGFROOLVLRQ
DFFLGHQWV7KHKLJKOHYHOHYHQWWUHHVDUHVKRZQLQ)LJDQG)LJUHVSHFWLYHO\
7LPHWR&DSVL]H&
6:'VRSHQHTXLOLEULXPPRGH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
6RPHLPSRUWDQWILQGLQJV
7KH LQYHVWLJDWLRQ LQWR WKH VWDWLVWLFV KDV UHVXOWHG LQ XSGDWHG IUHTXHQFLHV IRU JURXQGLQJ DQG FROOLVLRQ
7KH GLIIHUHQFH LQ LQLWLDO IUHTXHQFLHV EHWZHHQ*2$/'6 DQG WKH 6$)('25)6$ VWXGLHV DUH VKRZQ LQ
7DEOH7KHVHYDULDWLRQVPD\EHH[SODLQHGE\WKHGLIIHUHQWDVVXPSWLRQVRQWKHIOHHWDWULVNDVZHOODVWKH
HIIHFWRIXWLOL]LQJWKHPRUHUHFHQWGDWD
$Q LQWHUHVWLQJ UHVXOWKDVEHHQREWDLQHGZLWK UHVSHFW WRZKHUH WKHFROOLVLRQV WDNHSODFH$VFDQEHHQ
VHHQLQ)LJZKHQFRQVLGHULQJERWK523$;DQGFUXLVHVKLSVWKHPDMRULW\RIFROOLVLRQWDNHVSODFHLQ
WHUPLQDODUHDV
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6LQNLQJFDSVL]LQJ
7KHSUREDELOLW\IRUFDSVL]HRUVLQNLQJLVUHIOHFWHGWKURXJKWKHDWWDLQHGLQGH[$LHWKHSUREDELOLW\IRU
QRQVXUYLYDOLVHTXDOWR$$VDSDUWRIWKH*2$/'6SURMHFWWKHIDFWRUVUHSUHVHQWLQJWKHSUREDELOLW\
KDV EHHQ GHYHORSHG DQG LV FXUUHQWO\ VXEMHFW WR YDOLGDWLRQ  7KH DWWDLQHG LQGH[$ FRYHULQJ FROOLVLRQ LV
FDOFXODWHGE\WKHVDPHPHWKRGDVLQWKHFXUUHQW62/$6

$         
ZKHUH WKHIDFWRUVSDQGYUHSUHVHQW WKHSUREDELOLW\ IRUGDPDJHH[WHQWVDQGSHQHWUDWLRQ7KHFRQFOXVLRQ
IURPWKHDQDO\VHVRIWKHFROOLVLRQVWDWLVWLFVXSGDWHGLQ*2$/'6LVWRNHHSWKHVHIDFWRUVXQFKDQJHGIURP
WKHFXUUHQW62/$6

3RWHQWLDOORVVRIOLIH
,QLWLDOO\ WKHEDVLFDVVXPSWLRQDSSOLHGLQWKHULVNPRGHOZDVWKDWLIIROORZLQJDFROOLVLRQRUJURXQGLQJ
GDPDJHWKHVKLSVLQNVDOOOLYHVRISHRSOHRQERDUG32%DUHORVW7KLVLVRIFDXVHDQH[WUHPHVFHQDULR,Q
HDUOLHUUHODWHGVWXGLHVLWKDVEHHQDVVXPHGWKDWDQ\FROOLVLRQRUJURXQGLQJDFFLGHQWPD\OHDGWRDFHUWDLQ
QXPEHURIIDWDOLWLHVDQGLQFDVHRIVLQNLQJFDSVL]HWKHIDWDOLW\UDWHVGHSHQGRQKRZIDVWWKHVKLSVLQNVRU
FDSVL]HV(YHQIRUNQRZQVKLSGLVDVWHUVLQH[WUHPHFRQGLWLRQVHJWKHORVVRIIHUU\(VWRQLDWKHIDWDOLW\
UDWHZDVQRW+RZHYHUXVLQJDJDLQWKH(VWRQLDDFFLGHQWDVDQH[DPSOHLWLVQRWHGWKDWWKHVXUYLYDO
RI VHYHUDO 32%ZDV QRW WKH UHVXOW RI RUGHUO\ HYDFXDWLRQ 7KHUHIRUH WKH ULVN PRGHO VKRXOG UHIOHFW WKH
UHDOLW\DVFORVHDVSRVVLEOHDQGWKHDVVXPSWLRQVRQFRQVHTXHQFHVLQWKHULVNPRGHODUHVXEMHFWWRIXUWKHU
YDOLGDWLRQDQGEHQFKPDUNLQJEHIRUHDILQDOGHFLVLRQLVPDGH

&RPSDULVRQZLWKUHVXOWVSUHYLRXVO\SXEOLVKHGDQGDFFLGHQWVWDWLVWLFV
$VDOUHDG\PHQWLRQHGWKHUHDUHQRWXQH[SHFWHGO\GHYLDWLRQVLQIUHTXHQFLHVDQGSUREDELOLWLHVXVHGLQ
WKH*2$/'6PRGHOFRPSDUHGZLWK WKHSUHYLRXVO\SXEOLVKHG UHVXOWV:KHQ WKH UHVXOWVRIDSSO\LQJ WKH
ULVNPRGHO WR WKH VDPSOH VKLSVDUHDYDLODEOH DFRPSDULVRQZLWKFDXVDOLW\GDWDZLOOEH FDUULHGRXW,W LV
ZRUWKPHQWLRQLQJWKDWSUHVHQWKLVWRULFDOGDWDGRQRWLQFOXGHUDUHFDWDVWURSKLFHYHQWVWKDWPD\KDSSHQLQ
WKH IXWXUH +RZHYHU WKH GHYHORSHG ULVN PRGHO PXVW DOVR FRQVLGHU VXFK OLNHO\ HYHQWV DQG WKHUHIRUH
UHOHYDQWSURYLVLRQVPXVWEHWDNHQLQWKHULVNPRGHOGHYHORSPHQW

+DQGOLQJRIXQFHUWDLQWLHV
,Q WKH ULVNPRGHO HDFKEUDQFKZLWK LWV SUREDELOLW\ FRQWDLQV HOHPHQWV RI XQFHUWDLQW\7KHXQFHUWDLQW\
GHSHQGVRQWKHVDPSOHVL]HDQGWKHQXPEHURIFDVXDOW\UHSRUWV,QVRPHFDVHVLW LVSRVVLEOHWRTXDQWLI\
WKH XQFHUWDLQW\DQG FDOFXODWHWKH ORZKLJK OLPLWV IRU LQVWDQFH WKH  SHUFHQWLOH2QH H[DPSOH LV WKH
SUREDELOLW\IRUWKHSDVVHQJHUVKLSWREHWKHVWUXFNRUWKHVWULNLQJVKLSLQWKHHYHQWRIDFROOLVLRQ)URPWKH
VWDWLVWLFZH ILQG WKH IROORZLQJSUREDELOLW\ IRU VWUXFNVWULNLQJIRUFUXLVHZKLOH IRU523$;LW
LV:KHQIROORZLQJWKHDERYHPHQWLRQHGDSSURDFKWKHXSSHUDQGORZHUOLPLWVIRUWKH
FRQILGHQFH LQWHUYDO DUH FDOFXODWHG WR ( DQG ( IRU &UXLVH VKLSV $VVXPLQJ WKDW WKH
GLVWULEXWLRQ IRU WKLVGHSHQGHQWSUREDELOLW\FDQEHDSSUR[LPDWHGE\D ORJQRUPDOGLVWULEXWLRQDQGZKHQ
WKLVLVLQFOXGHGLQWKHULVNPRGHODQGWUHDWHGE\0RQWH&DUORVLPXODWLRQVWKHQXPEHURISRWHQWLDOORVVRI
OLYHV3//FDQEHJLYHQDVWKHPHDQYDOXHZLWKLQWKHFRQILGHQFHOLPLWV

1HZGDPDJHVWDELOLW\UHTXLUHPHQWVEDVHGRQFRVWEHQHILWDVVHVVPHQW
7KH ULVNV DUH TXDQWLILHG DV 3RWHQWLDO /RVV RI /LYHV 3// DQG 3RWHQWLDO /RVV RI 6KLS 3/6 ,Q WKH
*2$/'6SURMHFW WKHUHDUHVDPSOHVKLSVDYDLODEOH ODUJHFUXLVHVKLSPHGLXPVL]HGFUXLVHVKLS ODUJH
523$;PHGLXPVL]HG523$;DQGVPDOO523$;)RUHDFKVDPSOHVKLS5LVN&RQWURO2SWLRQV5&2
ZKLFKDUHOLPLWHGWRGHVLJQPRGLILFDWLRQVWKDWZRXOGLPSURYHWKHVXUYLYDELOLW\H[SUHVVHGDVWKHDWWDLQHG
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LQGH[ $ DUH SURSRVHG DQG FKHFNHG E\ FDOFXODWLRQV 3RVVLEOH GHVLJQ PRGLILFDWLRQ FDQ EH LQFUHDVH RI
EUHDGWK LQFUHDVHG IUHHERDUG LQFUHDVHG OHYHO RI VXEGLYLVLRQ HWF %\ XVLQJ WKH JHQHULF ULVN PRGHO WKH
LPSURYHPHQW LVTXDQWLILHGDVD UHGXFWLRQ LQ WKH3//DQG3/67KHGHVLJQPRGLILFDWLRQFDQ LPSO\ERWK
FRVWVDQGEHQHILWV
,QRUGHUWRDVVHVVZKHWKHUDGHVLJQPRGLILFDWLRQLVFRVWEHQHILFLDOWKHPHWKRGVDQGUHFRPPHQGDWLRQV
RIWKH,026)$*XLGHOLQHVDUHXVHGQDPHO\WKH*URVV&$)DQGWKH1HW&$)$WWKHILQDOVWDJHRIWKLV
SDUW RI WKHSURMHFW D QXPEHURI VDPSOH VKLSV DQG IRU HDFK VDPSOH VKLS WKH UHVXOW RI WKHYDULRXVGHVLJQ
PRGLILFDWLRQV 5&26 ZLOO EHFRPH DYDLODEOH 7KH LQWHQWLRQ LV WR XVH WKHVH UHVXOWV DV WKH EDVLV IRU
SURSRVLQJ WKH OHYHORI WKHUHTXLUHG LQGH[57KLV OHYHOVKRXOGPDNHULVNDV ORZDVUHDVRQDEO\SUDFWLFDO
$/$53$V WKHPDMRUFRQWULEXWLRQ WRULVN LVH[SUHVVHGDVSRWHQWLDO ORVVRI OLYHV 3// LW LVDVVXPHG
WKDWWKHOHYHORIWKHUHTXLUHGLQGH[5VKRXOGEHDIXQFWLRQRIQXPEHURISHUVRQVRQERDUGRQO\7KHUHIRUH
WKH EDVLV IRU WKH SURSRVHG OHYHO 5 ZLOO EH WKH VDPSOH VKLS PRGLILFDWLRQV ZKHUH WKH *URVV&$) DQG
1HW&$)LVOHVVWKDQWKH,02FULWHULD
,QQRYDWLYHVKLSFRQFHSWGHVLJQVEDVHGRQWKHQHZGDPDJHVWDELOLW\UHTXLUHPHQW
,Q RUGHU WR LQYHVWLJDWH WKH LPSDFW RI WKH QHZ IRUPXODWLRQ IRU WKH SUREDELOLVWLF GDPDJH VWDELOLW\
HYDOXDWLRQ RI SDVVHQJHU VKLSV RQ WKH GHVLJQ DQG RSHUDWLRQDO SURSHUWLHV RI FKDUDFWHULVWLF 523$; DQG
FUXLVH YHVVHOV LW LV SODQQHG WR SURGXFH FRQFHSWXDO GHVLJQV DQG RSWLPLVH LQQRYDWLYH YHVVHO OD\RXWV
PHHWLQJWKHQHZGDPDJHVWDELOLW\VWDQGDUGZKLOVWFRQVLGHULQJEXLOGLQJFRVWDQGHIILFLHQF\LQRSHUDWLRQ
$Q H[LVWLQJ LQWHJUDWHG GHVLJQ RSWLPLVDWLRQ SURFHGXUH =DUDSKRQLWLV HW DO  RI 178$
HQFRPSDVVLQJWKHSDUDPHWULFGHVLJQDQGRSWLPL]DWLRQRI523$;YHVVHOVZLOOEHH[WHQGHGWRDFFRXQWIRU
FUXLVHVKLSGHVLJQOD\RXWVDQGDGDSWHGWRWKHQHZGDPDJHVWDELOLW\VWDQGDUG,QGXVWULDOSDUWLFLSDQWVZLOOEH
SURYLGLQJH[SHUWLVHDQGHPSLULFDOGDWDDVDQGZKHQQHFHVVDU\IRUWKHLPSOHPHQWDWLRQRIWKHGHYHORSHG
SURFHGXUH
7KHUHVXOWLQJGHVLJQFRQFHSWVZLOOEHIXUWKHUHODERUDWHG WRWKHSUHOLPLQDU\VWDJHE\ WKHSDUWLFLSDWLQJ
VKLS\DUGVQDPHO\)LQFDQWLHUL0H\HU:HUIW67;)LQODQGDQG67;)UDQFH
6XPPDU\DQG([SHFWHG2XWFRPH
7KLVSDSHUSUHVHQWHGWKHREMHFWLYHVDQGUHYLHZHGHDUO\DQGLQWHUPHGLDWHUHVXOWVRIWKH(8IXQGHG)3
SURMHFW*2$/'67KHPDLQH[SHFWHGRXWFRPHRI*2$/'6LVLWVFRQWULEXWLRQWRHQKDQFHGVDIHW\RIWKH
PDULWLPHSDVVHQJHU WUDQVSRUWDQG WKH IDFLOLWDWLRQRI WKHDSSOLFDWLRQRI UDWLRQDO ULVNEDVHGSURFHGXUHV WR
WKHGHVLJQRI523$;DQGFUXLVHVKLSVDFOHDUGRPDLQRIWKH(XURSHDQVKLSEXLOGLQJLQGXVWU\7KLVZLOO
EHDFKLHYHGE\GHOLYHULQJDUDWLRQDOIXOO\YDOLGDWHGUREXVWDQGFRQVLVWHQWPHWKRGIRUDVVHVVLQJWKHVDIHW\
RISDVVHQJHUVKLSVLQFDVHRIDFROOLVLRQRUJURXQGLQJ
,Q WKLV ZD\ WKH SURMHFW DLPV DW IXUWKHU GHYHORSLQJ DQG FRPSOHPHQWLQJ SDVW ZRUN RI WKH VXFFHVVIXO
+$5'(5 SURMHFW ZKLFK FRQWULEXWHG GHFLVLYHO\ WR WKH GHYHORSPHQW DQG WKH DGRSWLRQ RI WKH QHZ
KDUPRQL]HG GDPDJH VWDELOLW\ UHJXODWLRQV SHUWDLQLQJ WR DOO W\SHV RI GU\ FDUJR DQG SDVVHQJHU VKLSV 7KH
RXWFRPH RI WKLV SURMHFW LV EHLQJ VRXJKW QRW RQO\ E\ WKH(XURSHDQPDULWLPH FRPPXQLW\ EXW WKH HQWLUH
LQWHUQDWLRQDO PDULWLPH FRPPXQLW\ ,Q UHFHQW \HDUV LW KDV EHHQ ZRUNLQJ RQ IXUWKHU LPSURYHPHQW RI
SDVVHQJHU VKLS VDIHW\ HVSHFLDOO\ LQ YLHZ RI XOWUD ODUJH FUXLVH VKLS GHVLJQV DQG RSHUDWLRQV EHFRPLQJ D
UHDOLW\
7KHUHVXOWVDUHPDLQO\ WDUJHWHG WRDVVLVW UHJXODWRUV LQ WKHLUZRUNZLWKQHZDQG LPSURYHGUHJXODWLRQV
IRUSDVVHQJHUVKLSVFRYHUHGE\62/$6ZLWKDQH[SHFWHGWLPHIRUH[SORLWDWLRQRIPD[LPXPWKUHH\HDUV
7KHPDLQSURGXFWRI*2$/'6DUDWLRQDOSUREDELOLVWLFDSSURDFKWRDVVHVVLQJFROOLVLRQDQGJURXQGLQJRI
SDVVHQJHUVKLSVDQGWKHUDWLRQDOFULWHULDGHULYHGIURPLWDVZHOODVWKHFRQVHTXHQFHDQDO\VLVWRROVPD\RI
FRXUVHEHH[SORLWHGE\WKHPDULWLPHFRPPXQLW\RQDZRUOGZLGHEDVLV+RZHYHUWKHGHWDLOHGNQRZOHGJH
DQGXQGHUVWDQGLQJRI WKHPHWKRG UHPDLQVZLWKLQ(XURSH DQGZLOO WKXVSURYLGH WKH(XURSHDQPDULWLPH
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FRPPXQLW\ZLWKD VLJQLILFDQW WHFKQRORJLFDOHGJH7KLV LV HVSHFLDOO\YDOLG IRU WKH VKLSEXLOGLQJ LQGXVWU\
ZKLFKZLOOJDLQVLJQLILFDQWNQRZOHGJHRQKRZ WRDSSO\ WKHQHZDSSURDFKRQGHVLJQRISDVVHQJHUVKLSV
IROORZLQJDQLPSURYHGSUREDELOLVWLFFRQFHSWEHWWHUDFFRXQWLQJIRUWKHVSHFLDOGHVLJQIHDWXUHVRI523$;
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